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CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Multiply

inch (in.)
foot (ft)

gallon (gal)

By

25.4
0.3048
3.785

To Obtain

millimeter
meter
liter

Abbreviated water-quality units used in this report: Chemical concentration and water temperature are given in metric units. 
Chemical concentration is given in milligrams per liter (mg/L) or micrograms per liter ((J-g/L). Milligrams per liter is a unit expressing 
the concentration of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand 
micrograms per liter is equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the same 
as for concentrations in parts per million.

Specific conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius (|j,S/cm). This unit is equivalent to 
micromhos per centimeter at 25 degrees Celsius (|j,mho/cm), formerly used by the U.S. Geological Survey.

IV Conversion Factors and Abbreviated Water-Quality Units



Contaminant Concentrations in Stormwater from 
Eight Lake Superior Basin Cities, 1993-94

ByJ.J Steuer, W.R. Selbig anafN.J. Hornewer

Abstract

The U.S. Geological Survey collected 
Stormwater samples from eight Lake Superior 
Basin cities to determine the quality of urban run 
off entering Lake Superior from urban areas. The 
samples were collected during July 1993-Septem- 
ber 1994 from storm sewers in Ishpeming, 
Negaunee, Sault Ste. Marie, and Houghton, Mich 
igan; Virginia and Ribbing, Minnesota; and Ash 
land and Hurley, Wisconsin. Automated samplers 
were installed in manholes draining the selected 
sewers within each city. Water samples were col 
lected for analyses of total recoverable metals, 
nutrients, and poly cyclic aromatic hydrocarbons. 
Concentrations of these constituents for each site 
are listed in data tables.

INTRODUCTION

Lake Superior, the largest of the Great Lakes, is 
bordered by parts of Minnesota, Wisconsin, Michigan, 
and Canada (fig. 1). The governments of Canada and 
the United States, as part of the Lake Superior Bina- 
tional Program, have begun to monitor water-quality 
characteristics and the influx of contaminants to Lake 
Superior and its tributaries. The United States effort is 
coordinated by the U.S. Environmental Protection 
Agency (USEPA), with the Wisconsin Department of 
Natural Resources (WDNR) and the U.S. Geological 
Survey (USGS) as cooperating agencies.

Stormwater from eight Lake Superior Basin cit 
ies in the United States with populations greater than 
5,000 people was monitored by the USGS for conven 
tional Stormwater constituents such as common ions, 
nutrients, bacteria, metals, and polycyclic aromatic 
hydrocarbons (PAH) during July 1993 to September 
1994. A more extensive constituent list, including addi 
tional organic compounds, was used in a separate phase 
of the study that focused on more populated Lake

Superior cities. Water analyses were done by the Wis 
consin State Laboratory of Hygiene (WSLH). The 
eight sampled basins contained mixed land uses rang 
ing from heavy commercial and industrial to predomi 
nantly residential areas. Time composite water-quality 
data obtained from rainfall events will be used to edu 
cate cities regarding selected constituents in their urban 
runoff and to determine whether small communities 
need to be included in the Stormwater permitting pro 
cess. Additionally, the data collected by the WDNR 
and the USGS will be used in the urban component of 
the overall analysis of contaminant loading to Lake 
Superior.

The conscientious efforts of Wallace Larson, 
John Knudson, Brett Esser, Dan Olson, Thomas Gam- 
bucci of the USGS; and John Thomas of the Minnesota 
Pollution Control Agency were crucial to the success 
of this project. Their attention to detail during equip 
ment installation coupled with their consistent quality 
control procedures during sampler servicing and sam 
ple processing ensured data quality.

SAMPLE-COLLECTION PROCEDURES

Model 3700 non-refrigerated ISCO 1 automated 
samplers equipped with four 1-gallon bottles, were sus 
pended from storm-sewer manholes to obtain the 
Stormwater samples. A 3/8-in. Teflon sample suction 
tube was weighted with a polycarbonate rod and freely 
suspended 2 to 4 in. above the bottom of the storm- 
sewer pipe. The sample line in Houghton, Mich., was 
secured to the storm-sewer pipe perpendicular to the 
flow direction. Care was taken to ensure that the secur 
ing materials did not contact the sampled water. The 
Teflon sample line was purged prior to and immedi- 
ately after obtaining a sample. The open collection bot-

^se of trade, product, or firm names in this report is for 
descriptive purposes only and does not imply endorsement by the 
U.S. Geological Survey.
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Figure 1. Locations of the eight monitored Lake Superior Basin cities.

les were retrieved from the covered sampler within 24 
hours of rainfall termination.

Collection of time-composited samples was ini 
tiated upon flow detection by a liquid-level actuator. 
The sampler was programmed to collect a 1/2-gal sam 
ple every 5 to 10 minutes for a total of up to eight sub- 
samples. Sample dates and times were downloaded 
onsite from the ISCO sampler data logger.

A Teflon-coated stainless steel churn splitter was 
used to composite and split samples; sample filtering 
was conducted at the analyzing laboratory. Processed 
samples were preserved, put on ice, and sent to WSLH 
for analysis. In most cases samples were received by 
the WSLH within 24 to 48 hours of runoff termination. 
Results of the analyses are listed in tables 1-3 (at back 
of report). The "Water Resources Data Wisconsin 
Water Year 1994" report (B.K. Holmstrom and others, 
1995) discusses laboratory methods and the 5-digit 
WATSTORE constituent codes used in tables 1-3. A 
summation of the poly cyclic aromatic hydrocarbon 
(PAH) data is included in the table because this is a

quantity often used by cooperators to compare sites. 
Less than detection values were considered zero in the 
summation calculation.

QUALITY CONTROL

To ensure sample integrity, field and sample pro 
cessing equipment blanks were collected onsite from 
the Ashland, Wis.; Virginia, Minn.; and Hibbing, 
Minn., sites. Approximately 10 percent of the labora 
tory budget was dedicated to quality assurance sam 
ples. Budgetary constraints prevented obtaining quality 
assurance samples at all eight locations.

A field and sample-processing equipment blank 
sample was obtained by drawning analyte-free Milli-Q 
water through the suction line and sampler into a col 
lection bottle. The water was processed as detailed in 
the sample collection procedure section. The Teflon 
suction and ISCO sampler were not cleaned prior to 
obtaining the blank samples. These results are included 
in tables 2 and 3 (at back of report). A significant con 
centration of nitrate plus nitrite-N was detected in the

2 Contaminant Concentrations in Stormwater from Eight Lake Superior Basin Cities, 1993-94



Hibbing blank collected on April 20, 1994. This blank 
sample may have been contaminated with nitric acid; 
thus, the actual field nitrate plus nitrite-N data are con 
sidered to be representative of urban runoff.

Sampler collection bottles were cleaned with a 
nonphosphate detergent and rinsed with tap water, 
hydrochloric acid, Milli-Q water rinses, a methanol 
rinse, and air dried. Clean bottles replaced soiled bot 
tles upon collection of the samples and remained in the 
sampler housing until the next storm occurred.

WSLH analytical methods for PAH were modi 
fied for all samples collected in 1994. The laboratory 
method used in 1993 may not have included the entire 
suspended particulate fraction. As a result, the samples 
analyzed in 1993 have substantially lower concentra 
tions than those analyzed in 1994. These data are 
included because they provide a lower bound and are 
useful in a qualitative sense.

SITE LOCATIONS AND SAMPLING DATES

Site visitation details are provided, along with 
the site location information, to indicate the efforts 
required to sample four events at eight distant sites.

1. Negaunee, Mich. (USGS site 04044367): The 
sampler was installed in a 24-in.-diameter pipe at 
the intersection of Keewaydin and Maas Streets 
(lat 46°30 ' 49 "N., long 87°36' 41" W.). The pipe 
eventually drains to Teal Lake. The sampler was 
visited 12 times; samples were collected on Sep 
tember 14, 1993, October 8, 1993, October 20, 
1993, and October 28, 1993.

2. Ishpeming, Mich. (USGS site 04044211): The 
sampler was installed on July 21, 1993, in the 
diversion chamber manhole 300 ft south of the 
Carp River outfall (lat 46°29 ' 34" N., long 
87°40 ' 55" W.). The site was visited 10 times; 
samples were collected on July 27, 1993, August 
23, 1993, and twice on September 13, 1993.

3. Sault Ste. Marie, Mich. (USGS site 04045581): 
The sampler was installed on September 1, 1993, 
in the Court Street manhole (lat 46°29 ' 38" N., 
long 84°20' 54" W.). The pipe eventually drains to 
the St. Mary's River. The site was visited five 
times; samples were collected on September 9, 
1993, September 13, 1993, September 14, 1993, 
and October 1, 1993.

4. Houghton, Mich. (USGS site 04043018): The 
sampler was installed in a 24-in.-diameter pipe at

the center of Quincy Street (lat 47°07 ' 20"N., long 
88°34 ' 20" W.). The pipe eventually drains into 
Portage Lake. The site was visited 12 times; sam 
ples were collected twice on August 30, 1994, and 
once on September 13, 1994, September 15, 1994, 
and September 26, 1994.

5. Hurley, Wis. (USGS site 04027995): The sampler 
was installed on April 14, 1994, in a 30-in.-diame 
ter pipe at the intersection of Copper Street and 
First Avenue (lat 46°26' 57" N., long 9T10'48"W.). 
The pipe eventually drains into the Montreal River. 
The site was visited 10 times; samples were col 
lected twice on August 19, 1994, and once on 
August 27, 1994, and September 5, 1994.

6. Ashland, Wis. (USGS site 04026357): The sampler 
was installed on April 14, 1994, in a 12-in.-diame- 
ter pipe at the intersection of East Third Avenue 
and St. Claire Street (lat 46°35 ' 40"N., long 
90°52 ' 57" W.). The pipe eventually drains into 
Lake Superior. The site was visited eight times; 
samples were collected April 29, 1994, June 20, 
1994, June 23, 1994, and June 28, 1994. A field 
blank sample was collected April 29, 1994.

7. Virginia, Minn. (USGS site 04018790): The sam 
pler was installed on April 13, 1994, in a 21-in.- 
diameter pipe at the corner of Sixth Avenue and 
Eighth Street in the parking lot between Pohaki 
Lumber Company and J&D Services (lat 47°31' 
47 "N., long 92°32' 31" W.). The pipe eventually 
discharges into northwest Virginia Lake. The site 
was visited five times; samples were collected 
April 15, 1994, May 23, 1994, June H, 1994, and 
June 16, 1994. A field blank sample was collected 
on April 20, 1994.

8. Hibbing, Minn. (USGS site 04019460): The sam 
pler was installed on April 13, 1994, in a 24-in.- 
diameter pipe at the intersection of Grrnt Street and 
First Avenue approximately 50 ft north of the rail 
road tracks (lat 47°25 ' 43" N., long 92°56' 31" W.). 
The pipe eventually discharges into a tributary of 
Barber Creek. The site was visited five times; sam 
ples were collected on April 15, 1994, April 26, 
1994, May 23, 1994, and May 24, 1994. A field 
blank sample was collected on April 20, 1994.

Table 4 (at back of report) summarizes land-use 
characteristics in the eight monitored basins.

SITE LOCATIONS AND SAMPLING DATES
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